At least four distinct aminopeptidase activities and a single dipeptidase activity were found in cell extracts of a leucine-lysine auxotroph of Saccharomyces cerevisiae. The assay for peptidase activity involved polyacrylamide gel electrophoresis followed by an enzyme-coupled activity staining procedure. The aminopeptidases had largely overlapping specificities but could be distinguished from one another by their electrophoretic mobilities and activities toward different peptide substrates. Substrates tested included both free and blocked di-and tripeptides and amino acid derivatives.
It has been demonstrated by several workers that various microorganisms, including yeasts, contain aminopeptidase, carboxypeptidase, and dipeptidase activities (11, 15, 20, 23, 25, 26, 28) . Peptidases are capable of providing amino acids for cell growth by hydrolyzing peptides. There is also evidence that peptidases are constitutive enzymes and that they are present in concentrations higher than those required for cell growth on peptides (27, 29) . Thus, it has been speculated that peptidases have a number of physiological roles. These include degradation ofproteins with incorrect prmary sequences, protection of organisms from the toxic effects of certain lowmolecular-weight peptides, and the final cleavage of N-terminal methionyl residues from nascent protein chains in bacteria (30) .
A fairly detailed electrophoretic analysis of aminopeptidases in Saccharomyces cerevisiae used leucyl-2-naphthylamide as the substrate (16) . The use of this substrate, as well as other amino acid derivatives, may lead to erroneous conclusions because these substrates are susceptible to hydrolysis by enzymes which are not true peptidases (22) . More recently, Frey and Rohm (6) demonstrated the existence of three aminopeptidases and a single dipeptidase in partially fractionated cell extracts of S. cerevisiae. Several yeast peptidases have also been purified and characterized to varying degrees (3, 5, 9, 15, 17, 24) . However, we still do not know the total number and types of peptidases present in S. cerevisiae. In this communication we report on the number of independent peptidase activities present in a leucine-lysine auxotroph of S. cerevisiae when primarily di-and tripeptide substrates were used. (This paper was (14) .
Electrophoresis. Polyacrylamide gels (0.5 by 6.5 cm; 7% acrylamide, 0.186% bisacrylamide) were prepared in a manner similar to that described by Davis (4) (18) .
RESULTS AND DISCUSSION
The results of the polyacrylamide gel electrophoresis-coupled peptidase staining method are tabulated in Table 1 . A photograph of an actual staining pattem for the hydrolysis of Leu-LeuLeu and a schematic representation of the same pattem are shown in Fig. 1 (5, 15, 17) . The negative response DYE of the aminopeptidases here to the dipeptides MARKER tested may be due in part to the assay conditions ,attern for Leu-Leu-employed and the time required for the assay. 5y the activity band/ The unexpected positive response of activity arker. band 1 toward Gly-Met-Gly may be explained by assuming that the active sites for di-and resides in band 3. tripeptide hydrolyses are identical. Cleavage of dipeptides and tri-Gly-Met-Gly produces Met-Gly at the active }, we suspected that site, and then the dipeptide, which is present at at least one amino-a high local concentration and in correct position se. The dipeptidase for hydrolysis, is cleaved to liberate glycine and subsequently sepa-L-methionine. The L-methionine released is reomatography. Both sponsible for the positive response observed.
is band 3 when ex-Similar results were also observed with Gly-Leuled activity stain on Gly. To check our hypothesis for the activity in Rose, unpublished band 1, the dipeptides Met-Gly and Leu-Gly were used in the peptidase assay at 5, 10, and 30 i bands 1 through 4 times the standard concentration (5 mg of pepMet-Gly-Met, Leu-tide per assay). However, there was still no ;-methyl ester, thus cleavage of either dipeptide by the activity in substrate specifici-band 1. These results do not necessarily negate ver, is the fact that our hypothesis since it may not be possible to rom one another by achieve both the high concentration and proper ies and their actions orientation of the dipeptide in the active site of Gly, and Leu-Gly-the enzyme by merely supplying it at high con-;y found in band 1 centrations in the assay mixture. ites and seemed to A single dipeptidase activity was found for S.
y. The aminopepti-cerevisiae Zl-2D and resides in band 3. All free and 4 each cleaved dipeptides which were tested except Met-Pro, and in each case it Leu-Pro, L-Leu-D-Leu, and D-Leu-L-Leu were .lieved that each of cleaved to their constituent amino acids. The ,longs to a different failure of the dipeptidase to cleave X-Pro and L-, D-, or DL-dipeptides was due to requirement
Met-Gly represents of this enzyme for an amide bond and its stereoder for this peptide specificity. This specificity has also been obnust undergo a two-served for several dipeptidases in bacteria (11, e is not a substrate 19, 23) and for a purified yeast dipeptidase (24) .
PEPTIDASE ACTIVITIES IN S. CEREVISIAE 223
All blocked dipeptides tested were not cleaved by the activity in band 3, illustrating the requirement for both a free amino and a carboxy terminus. This specificity is expected for true dipeptidase character (21) . The above observations have been confirned on gels and in solution for a purified form of this dipeptidase (Rose, unpublished data) .
No carboxypeptidase activity was found under the standard assay conditions described above. It is well known, however, that cell extracts of S. cerevisiae contain carboxypeptidase activity, which must be activated before assay (10) . Activation of cell extracts and demonstration of carboxypeptidase activity toward benzyloxycarbonyl-Phe-Leu was accomplished in solution by using the procedures described by Hayashi (7) and Rohm (24) . The activated cell extract was then dialyzed against the Tris buffer used for preparing protein samples for electrophoresis, and the assay was carried out. However, no carboxypeptidase activity was observed on the polyacrylamide gels. The exact reason for the discrepancy between solution and gel assays is not known. It is suspected, however, to be a pHrelated problem since yeast carboxypeptidase activity toward amine terminus-blocked dipeptides is usually maxiInum at pH values below 7.0 (8, 21).
Matile et al. (16) reported four aminopeptidase activities for S. cerevisiae cells grown to stationary phase. These activities were measured by starch gel electrophoresis coupled with an activity stain in which leucyl-2-naphthylamide, a nonpeptide substrate, was used in the presence of 3 mM C02+. The use of substrates other than peptides to monitor peptidase activity may lead to erroneous conclusions. Such a case was recently cited by Payne (22) regarding the alleged occurrence of an inducible periplasmic aminopeptidase in Escherichia coli based on activity toward p-nitroanilide and 2-naphthylamide amino acid derivatives. Although a recent report by Lazdunski and coworkers (1) shows that a number of di-and higher peptides are cleaved by this periplasmic enzyme, extremely high substrate concentrations were necessary for the cleavage of dialanine. It is thus not clear whether activity toward amino acid nitroanilides always correlates with peptidase activity.
To investigate this point further, we tested the activity of cell extracts of S. cerevisiae Zl-2D against leucyl-2-naphthylamide and leucylp-nitroanilide in the presence and absence of 3 mM C02+, using the procedure of Miller and MacKinnon (18) . Only two activity bands, having Rf values similar to those of bands 1 and 2 as determined by the polyacrylamide gel electrophoresis-coupled activity staining procedure, were observed. These results suggest that at least two of the aminopeptidase activities found in this study do not cleave amino acid derivatives. It is reasonable to conclude, therefore, that some of the activities reported by Matile and coworkers (16) differ from the aminopeptidase activities in bands 1 through 4 (Fig. 1) .
In conclusion, this study shows that at least four independent aminopeptidases, one dipeptidase, and an as-yet-unspecified carboxypeptidase activity are present in a leucine-lysine double auxotroph of yeast. We are currently characterizing the dipeptidase and are attempting to investigate its function in the transport and metabolism of peptides by yeast.
